INTRODUCTION {#sec1-1}
============

Food allergy occurs in a high proportion of children with asthma.\[[@ref1]\] Food allergies are emerging as the second epidemic of allergen disease in the developed world as well as the developing world.\[[@ref2]\] Asthma is an allergic airway disease having underlying chronic inflammation, the etiology of which remains largely obscured.\[[@ref3]\] A major advance in the last few decade is the discovery of various cells and their mediators/cytokines that play a pivotal role in orchestrating the airway inflammatory response in asthma.

Although allergic sensitization during childhood period and subsequent asthma development are not entirely clear, genetic factors act probably synergistically with the environmental factors to decide the same.\[[@ref4]\] The result is an immunological dysregulation with either the response being skewed toward Th2 response or an improper/deficient Th1 response leading to promotion of allergic sensitization. It is believed that Th2 cytokines play an important role in the development of various allergic diseases including asthma, which is marked by increased levels of various interleukins (IL-4, IL-5, IL-9, and IL-13).\[[@ref5]\] The Th2 response is also compounded by environmental factors such as allergen exposure, infections (mainly viral), and pollutants. Th2 cells release cytokines that are essential for immunoglobulin E (IgE) synthesis, chemokine production, and mucous production in the airways and other places.\[[@ref6][@ref7]\] A coordinated interaction between proinflammatory/allergic cells (eosinophils, mast cells, T- and B-cells) and anti-IgE antibodies result in chronic airway inflammation and resultant hyperresponsiveness.\[[@ref8]\]

It is proposed that breastfeeding protects against allergy probably by limiting exposure to harmful allergens (e.g., those in formula feed or cow milk) or through a balanced act of cytokines or production of Ig having role in allergy.\[[@ref9][@ref10]\] Exclusive breastfeeding up to 6 months has been shown to be protective against allergy and asthma.

During the last decade, it was found that the third subset of effector T-cells, i.e., Th17 cells also play role in allergic inflammation.\[[@ref11][@ref12]\] In mouse asthma models, Th17 cells have been found to enhance both neutrophilic and eosinophilic airway inflammation.\[[@ref13][@ref14]\] In addition, Th17 cells play an interlinking role to decrease the gap between Th1 and Th2 cells by secreting certain ILs (IL-17A, and IL-17F) and contributing to the immunity against certain extracellular pathogens (bacteria, fungi, etc.).\[[@ref15]\] Evidence shows that an increase in IL-17 level is associated with a different inflammatory disease states.\[[@ref16]\] However, its role in food allergy in children with asthma and other allergies has rarely been investigated. We set out to study the correlation between food sensitization, total IgE level, and cytokine response of Th1, Th2, and Th17 cells in children with asthma. Secondarily we also aimed to study the correlation between duration of breastfeeding and cytokines in children with asthma.

MATERIALS AND METHODS {#sec1-2}
=====================

Subjects {#sec2-1}
--------

This prospective observational study was conducted at the Pediatric Allergy and Asthma Clinic, PGIMER, Chandigarh, from the year 2010 to 2013. Seventy children (5--12 years of age) presenting with allergy or worsening symptoms of asthma were enrolled. A total of fifty children were included in the study group. Study group consisted of children who showed exacerbation of asthma and were found to be positive for at least one of the nine food allergens by skin prick test (SPT). Written informed consent from one of their parents was obtained before enrollment into the study. The sera of age- and sex-matched nonatopic children were taken as control. The Institute\'s Ethics Committee of PGIMER approved this study.

Methodology {#sec2-2}
-----------

Diagnosis of food allergy to various food allergens was done by SPTs and measurement of serum total IgE level. Five milliliter of blood collected by aseptic venipuncture was taken for evaluation of cytokines (Th1, Th2, and Th17).

Skin prick test {#sec2-3}
---------------

Standard allergen extracts of 9 food allergens (Alcit India Pvt. Ltd., Delhi, India) preserved at 4°C were used. Then, SPT was performed with the following food allergens extracts: wheat, milk, egg white, rice, fish, ground nut, mango, banana, and orange. A drop (10 μl) of each allergen extract was placed on the forearm (volar aspect) with a disposable 26-gauge hypodermic needle and scratched. The reaction was read after 20 min. Positive result was denoted by a mean wheal diameter of \>3 mm above the negative control. Glycerol (20%) in phosphate buffer saline served as negative control and histamine (1 mg/mL) served as positive control.

Estimation of total immunoglobulin E {#sec2-4}
------------------------------------

The serum total IgE levels of the study group were measured using a readily available kit (PATHOZYME IMMUNOGLOBULIN E OD 417). Manufacturer\'s instruction was followed: test sera applied, incubation done with zero buffer, washing done with distilled water, and IgE-HRP conjugate was added to the wells. After addition of tetramethylbenzidine hydrochloride and dilute hydrochloric acid, absorbance was measured at 450 nm.

Measurement of expressions of cytokines {#sec2-5}
---------------------------------------

The serum levels of cytokines secreted by Th1 cell (interferon gamma \[IFN-γ\]), Th2 cell (IL-2, IL-4, IL-6, IL-10, IL-12, IL-13), and Th17 cell (IL-17) were assessed using Becton Dickinson Cytometric Bead Array Flex Set. According to the standard procedure, the analysis was carried out by flow cytometry (FACS Canto \[Becton Dickinson, Mountain View, CA, USA\] with FACSDiva™ software).

Statistical analysis {#sec2-6}
--------------------

Data were analyzed with SPSS statistical software (version 16.0; SPSS Inc., Chicago, IL, USA) and GraphPad Prism (version 5.0; GraphPad Software Inc., Le Jolla, CA, USA). The mean values and their standard deviation were calculated. The spearman\'s r rank correlation coefficient was used to evaluate the relationship between different variables. Student\'s *t*-test was used while assessing the flow cytometry data. *P* \< 0.05 was considered statistically significant.

RESULTS {#sec1-3}
=======

The demographic feature of included patients and results of SPT are given in [Table 1](#T1){ref-type="table"}. Among the study group, 17 were allergic to rice and 10 each to groundnut, fish, and banana.

###### 

Demographic and other parameters of study and control participants
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Serum total immunoglobulin E level {#sec2-7}
----------------------------------

The average serum total IgE level in the study group was 316.8 ± 189.8 IU/mL and in control group was 50.3 ± 17.5 IU/mL \[[Figure 1](#F1){ref-type="fig"}\].

![Total immunoglobulin E level in children with asthma and control group](LI-34-506-g002){#F1}

Expression of cytokines {#sec2-8}
-----------------------

The IL-17 level in the study group was 12.09 ± 8.67 pg/mL, which was significantly higher than the control group (2.01 ± 1.27 pg/mL, *P* = 0.001). The IFN-γ was significantly lower in the study population (12.08 ± 8.67 pg/mL) compared to the control (21.00 ± 7.53 pg/mL, *P* = 0.02). No significant differences between the study group and control group were observed for IL-2 (*P* \> 0.05); IL-4 (*P* \> 0.05); IL-6 (*P* \> 0.05); IL-10 (*P* \> 0.05); IL-12 (*P* \> 0.05); and IL-13 (*P* \> 0.05) [Table 2](#T2){ref-type="table"}. A significant positive correlation of serum total IgE level with IL-17 (*r* = 0.796; *P* \< 0.0001), IL-13 (*r* = 0.383; *P* = 0.01), and IL-4 (*r* = 0.605; *P* \< 0.001) was found whereas, a significant negative correlation of serum total IgE level was found with IFN-γ (*r* = −0.5823; *P* \< 0.0001) and IL-10 (*r* = −0.4474; *P* \< 0.001) \[[Figure 2](#F2){ref-type="fig"}\]. No statistically significant correlation was found between serum total IgE and other ILs (IL-2, IL-6, IL-12).

###### 

Cytokine expressions
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![(a) Correlation between total immunoglobulin E and interleukin-4; (b) correlation between total immunoglobulin E and interleukin-17; (c) correlation between total immunoglobulin E and interleukin-13; (d) correlation between total immunoglobulin E and interferon gamma; (e) correlation between total immunoglobulin E and interleukin 10](LI-34-506-g004){#F2}

Correlation of breastfeeding with serum total immunoglobulin E level {#sec2-9}
--------------------------------------------------------------------

The duration of breastfeeding was as follows: no breastfeeding at all (*n* = 2); 1--3 months (*n* = 6); 3--6 months (*n* = 6); up to 6 months (*n* = 10); and \>6 months (*n* = 26). A significantly negative correlation between the duration of breastfeeding and serum total IgE level (*r* = −0.31, *P* = 0.03) was found \[[Figure 3](#F3){ref-type="fig"}\]. Relationship of breastfeeding with other cytokines can be made indirectly through the correlation of other cytokines with serum total IgE level \[[Figure 2](#F2){ref-type="fig"}\].

![Correlation between breastfeeding time and total serum immunoglobulin E](LI-34-506-g005){#F3}

DISCUSSION {#sec1-4}
==========

In the present study, all fifty asthmatic children showed SPT positivity against various food allergens (most common being rice, banana, fish, and groundnut). A significant positive correlation of total IgE with IL-17, IL-13, and IL-4 level was noted. A significant negative correlation of total IgE was noted with IFN-γ and IL-10 level and the duration of breastfeeding.

Th1 type cells are involved in the cell-mediated immune response which when activated by microbial antigens result in increased IgG (not IgE) level.\[[@ref17]\] Th1 cells typically produce cytokines such as IL-2, IFN-γ, and TNF. In contrast, Th2 type cells are involved in humoral immune response which when activated result in elevated IgE levels (not IgG) and eosinophils that modulate the development of allergic response including asthma.\[[@ref18]\] Th2 cells typically produce cytokines such as IL-4, IL-5, IL-6, IL-10, and IL-13. Studies on soluble IL-2 receptor have demonstrated elevated levels in pediatric asthma population suggesting important role of activated T-cells in the latter.\[[@ref18]\] Recent data support the dominating role of Th2 phenotype in pediatric asthma.\[[@ref19]\] However, the role of Th1 cytokines (IL-2 and IFN-γ) in the promotion of allergic inflammation has been supported as well.\[[@ref20]\]

A decreased level of IL-10 has been demonstrated in several human studies on asthma,\[[@ref21]\] and those having severe asthma are likely to have lower production of IL-10 due to promoter polymorphisms.\[[@ref22]\] IL-12 is produced predominantly by phagocytic and mature dendritic cells and also by B-cells and eosinophils.\[[@ref23]\] IL-12 is essential for a Th1 dominant immune response, which leads to increased production of IFN-γ. Decreased production of IL-12 in the lung tissues of participants with asthma may play an important role in the pathogenesis of asthma by causing cytokine imbalance in the lungs.

In the present study, the mean serum total IgE level was significantly higher in the study group with food allergy than in the control group. It thus confirmed that the serum total IgE level is directly correlated with the allergic diseases such as asthma. The present study also showed significant correlation of marked change in the cytokine level with serum total IgE level: IL-4, IL-13, and IL-17 being positively correlated, and IFN-γ, IL-10 being negatively correlated in children with food allergy.\[[@ref24]\] IL-10 has been found to inhibit both Th1 and Th2 cells, IgE synthesis, and eosinophil survival.\[[@ref25]\] The latter has been shown by our study in that the IL-10 activity was inversely correlated with serum total IgE level.\[[@ref26]\]

Th1, Th2, and Th17 cells orchestrate cellular infiltration that results in a state of chronic airway inflammation underlying asthmatic response.\[[@ref27]\] The present study also showed that IL-17 was significantly higher in the study group than in the control group. No significant intergroup change was observed in the levels of following cytokines: IL-2, IL-4, IL-6, IL-10, IL-12, and IL-13. The mouse asthma model experiments have shown that IL-17 is secreted by Th17 cells, and after allergen exposure in sensitized individual, it migrates to the airways causing asthmatic symptoms.\[[@ref28]\] In humans, the same mechanism may also happen with increased expression of IL-17 supporting the Th17-mediated pathogenesis of asthma.\[[@ref29][@ref30]\] The present study also demonstrated the fact that IL-17 is an important factor for the development of manifestations of asthma, and its level was upregulated in the study group compared to the control.

An interesting observation made in the present study was the presence of high prevalence of rice allergy (almost in one-third children), not previously reported in any study from India. Rice allergy is common in Japan, but much lower in the USA and Europe.\[[@ref31]\] Rice allergy can manifest as atopic dermatitis, eczema or asthma, and in severe cases, anaphylactic reactions may occur.\[[@ref31]\] A multigene family of 14-16 kDa protein represent the major allergens that show significant homology to the alpha-amylase/trypsin inhibitor family from barley and wheat.\[[@ref32][@ref33]\]

A significantly negative correlation between the duration of breastfeeding and serum total IgE level as well as other cytokines was found. Studies have shown different immunologic constituents of allergic and nonallergic mothers and breast milk contain some factors that may prevent atopy at an early age.\[[@ref34][@ref35]\] The present study finding was in accordance with them.

A direct interaction exists between the different types of T-cells (Th1, Th2, and Th17), but this interaction is influenced by various extraneous factors too. In the present study, a negative correlation was found between IL-10 and IL-17. IL-6 has been found to be a strong inducer of Th17 cell,\[[@ref36]\] but the present study found a positive but nonsignificant correlation between these two. Not limited only to its pathogenetic role in asthma, IL-17 regulation may be an attractive therapeutic approach for asthma also.\[[@ref37]\]

CONCLUSIONS {#sec1-5}
===========

The present study found a positive correlation between total serum IgE level and Th2, Th17 cytokines in a pediatric population with asthma. A significant negative correlation was found between the duration of breastfeeding and the cytokines.
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